directly on a piece of gelatin supported by an aluminum stage. The specimen was protected from cold helium vapor by a foam rubber cap which was removed immediately before freezing.
Freezing was by contact with a pure copper block cooled by liquid helium in a "slam" freezing device (9). For freezing ofwhole cells, single prisms ofTorpedo electroplaque cells were dissected free from adjoining fresh tissue in a calcium-free buffrr (60 mM PIPES, 25 mM HEPES, 10 mM EGTA, 2 mM MgCl2, 0.25% sucrose, pH 6.9) (16) and placed on a stage of the slam-freezing device. The tissue on the stage was cushioned with a piece of gelatin. After wicking away cxcess fluid, the tissue was frozen as described above. For Xenopus tadpole tail muscle cells, a section of the tail was sliced away from the rest of the body, stripped ofthe skin with fine forceps, and placed on a piece of gelatin soaked with frog Ringer's solution (4). Freezing was as described above.
Freeze-substitution.
Samples were placed in scintillation vials containing 10 ml of frozen acetone and 0.1% uranyl acetate. The vials were placed on a rocker in a -80'C freezer for 24 hr. After warming to -60'C, the samples were rinsed three times (at the same temperature) with acetone and three times with methanol (to remove salts that are insoluble in acetone).
Infiltration
and Embedding in K11M. Infiltration was carried out on the rocker at -60'C according to the following schedule: (a) 1:1 acetone:K11M for 24 hr; (b) 1:2 acetone:K11M for 24 hr; (c) 100% K11M (two changes for 24 hr each). Samples were then placed in shallow aluminum dishes contaming fresh K11M and covered with plastic wrap. Polymerization of the K11M with UV light was done gradually to prevent buildup of heat that may occur during the exothermic reaction (2). The following schedule was used: (a) 24 hr at -70C;
(b) 48 hr at -60'C; (c) 24 hr at -40C; (d) 48 hr at -20'C; and (e) 24 4 ir at room temperature.
Blocks were then allowed to sit in a desiccator for 2 days at room temperature before sectioning. Thin sections were picked up on formvar-coated nickel grids and incubated as follows: (a) 30 mm with 10% horse serum + 4% BSA in Trisbuffered saline + Tween 20 (TBST; 10 mM Tnis-HCI, pH 8.0, 500 mM NaCI, 0.05% Tween 20); (b) 30-sec wash with TBST; (c) 1 hr with the primary antibody diluted in TBST + 1% BSA to a concentration of 0.5 mg/mI protein, unless otherwise noted; (d) two 1.5-mm washes with TBST; (e) 45 mm with gold-conjugated protein A (Janssen Life Sciences; Beerse, Belgium) diluted 1:20 with ThS1 (f) 1-mm wash with TBST For double labeling experiments, sections were incubated with the primary antibody followed by protein A-gold as described above and then with the second antibody followed by protein A-gold of a different size, using the identical procedure. Controls in which the second antibody was omitted resulted in little, ifany, labeling ofthe primary antibody with the second protein A-gold size, indicating that the procedure was relatively accurate for double labeling.
For some of the single label experiments on Torpedo tissue, goat antimouse-colloidal gold was used instead ofprotein A-gold. This gave a slightly higherlabeling density compared to the protein A-gold, probably because of some amplification by the secondary antibody.
Electron Microscopy. Sections were dried in a vacuum desiccator and then stained with uranyl acetate (1% in 50% methanol, 10-15 mm) and potassium permanganate (1% for 30 sec), except where noted. Sections were viewed and photographed at 60-80 kV in aJEOL 100CC or aJEOL 1200EX.
Results

Preservation of Structure
The freeze-substitution and low-temperature embedding procedunes made it possible to avoid the use of conventional chemical fixatives during specimen preparation.
The tissue was fixed only by the organic solvent in the substitution medium which was supplemented with 0.1% unanyl acetate. Therefore, one concern was that the lack of chemical cross-linking might result in distortion ofstructurc or extraction of materials during infiltration and polymenization of the resin, even though it was performed at relatively low temperatures.
Torpedo electroplaque cells were difficult to han-dIe and had a diameter greaten than our freezing stage. As a result, they often suffered from some disruption ofstructune before freezing. Therefore, as a test of the preservation of structure, we compared Xenopus tadpole muscle cells prepared by our "fixative-free" freeze-substitution procedure to those prepared by more common freeze-substitution procedures that used chemical fixation (osmium tetroxide) and epon embedding at room temperature. We could not detect any differences in the preservation of structure ( Figure   1 ); myofibrils were precisely arranged, membranes of mitochon- . . ,,,be some extraction or some type of interference with the staining by the solutions. The former was a concern because Lowicryl does not form covalent bonds with biological material in the same manncr as epoxy-based resins (1 1). However, the latter possibility seems to be primarily responsible for the decreased staining, although we cannot rule out some extraction.
When sections were thoroughly dried in a vacuum oven after antibody labeling, the staining of the sections with heavy metals was more intense and was close to that seen in sections that had not been incubated with the antibody solutions.
Other than the decrease in heavy metal staining intensity, we could not detect any change in structure associated with antibody incubations.
This was true for both the Torpedo cells and the Xenopus tadpole tail muscle. were absent from the non-innervated face ( Figure  2B ). In addition, at concentrations ofthe antibody equal to on less than 0.5 mg/mI, the label was absent from membranes of nerve cells and internal organdIes such as mitochondnia. The density oflabel on the innervated face varied and was highest at the tops ofpostsynaptic folds.
Labeling oflorpedo
Sometimes the label continued all the way to the bottom of folds, but at other times it was absent from the lower one third to one half. This distribution of label is consistent with that seen with pre-embedment labeling techniques (18).
Double labeling ofelectroplaque cells with an anti-AChR antibody and an antibody to the synapse-specific 43 lcD protein (6) showed an overlap of label along the innervated face ( Figure  3 ). This distribution of label is also consistent with the distribution seen with pre-embedment labeling There was no detectable difference in the density of labeling (not shown) when compared with those that were exposed to unanyl acetate.
When sections were picked up on uncoated grids and then incubated with the antibody solutions so that both sides of the 5cction were exposed, there was an increase in the labeling density (compare Figure  4C with Figure  4B ). An MAb (19F4a) to the synapse-specific 43 KD protein was also used to label purified postsynaptic membranes ( Figure  4D ). Again, the label was closely associated with membrane profiles although, the density wasless than that obtained with the anti-AChR antibodies (compare Figure 4D with Figures 4A and 4B; Figure  5 ). When membranes that had been treated at alkaline pH to remove peripheral proteins were used in labeling experiments with the anti-43 KD antibody (19F4a), littic or no labeling was seen ( Figure  4E ). Controls incubated with non-immune serum or secondary antibody only also showed very little or no labeling of membranes (not shown Increasing the antibody concentration from 0.5 mg/mI to 1.8 mg/mI produced slightly higher backgrounds on the plastic that did not contain vesidc membrane, but also increased the density oflabeling along membrane profiles.
For example, the density oflabeling achieved at this concentration for MAb A18 (see Figure 6B ) corresponded to 10.4 particles/ jim compared with 6. 5 particles/ pm at the lower concentration.
However is seen only on the cytoplasmic surface (gold particles appear white because the image was photographically reversed). The procedures for the freeze-etch electron microscopy were as previously described (3). (B) The same antibody as in A was used to label a section through a similar postsynaptic membrane preparation. Gold particles line up along the membrane and on this vesicle seem to be predominantly on the inner surface. Bars -0.1 tm.
is at on close to the maximum needed to saturate available binding sites and to achieve the maximal specific labeling density possible under these conditions.
To estimate the resolution of the labeling technique, the following comparison was done. All of the MAb to the AChR were known to be IgGs and were directed against determinants located on the cytoplasmic portion ofthe receptor (15). In addition, it has been shown that the synapse-specific 43 lcD protein is located in association with the top ofthc cytoplasmic projection ofthe AChR (3). This has been shown by freeze-etch electron microscopy of vesides that have been opened by osmotic shock and sonication and then antibody-labeled. Using this technique, it was clear that the anti-AChR antibody labeling was confined to the inner or cytoplasmic surface ofvesiclcs ( Figure  6A ). When the same MAb were used for post-embedment labeling the location of the 10-nm gold particles varied somewhat; they were in direct contact with the inncr surface, directly on top ofthe membrane profile, or in contact with the outer surface'. Sometimes it appeared as though more gold particles were on the inner surface of a vesicle ( Figure  6B ), but on other vesicles the opposite was true. The variation may result from slight differences in the plane ofsection relative to the membrane. To determine if there was a preferential association with the inner membrane surface, some simple quantitation was done. We first attempted to measure the distance ofthe center ofindividual gold particles (mean diameter was found to be 10.1 nm) from the midpoint ofthe bilayer, but this proved to be very difficult; the membrane profiles were often indistinct and it was hard to determine the midpoint even when we preferentially selected profiles that were relatively distinct (i.e. , not cut obliquely).
We therefore selected membrane profiles that were relatively distinct and had a width of 20 nm or less (the membrane profiles were relatively thick presumably because both the lipid and the protein component were stained with uranyl acetate).
We counted the number ofgold par-tides that had at least 50% of their area overlapping the membrane profile and designated these as "on the membrane." Pattides that had less than 50% of their area associated with the membrane profile were counted separately. These particles were divided into two groups: those that were located on the inner and those that were on the outer membrane surface. The limiting factor in determining the resolution is presumably the length of the antibody-protein A complex and the size of the colloidal gold particle. Improvement in resolution may therefore be possible ifthe primary antibody is directly conjugated to a small colloidal gold particle. However, even without such attempts to improve resolution, we were able to achieve sufficient resolution to correctly identify the location of the 43 KD protein on the cytoplasmic membrane surface.
The major obstacle to routine use of this method may be the difficulty associated with the specimen preparation; rapid fneezing is difficult, as are the infiltration, embedding, and sectioning procedures. However, compared with a recent variation of an approach that uses rapid-frozen specimens (12), the method described above has advantages because it is relatively inexpensive and can be implemented with a minimum of specialized equipment.
